FRANK PASQUILL
B a c k g r o u n d a n d ea r ly l ife Frank Pasquill, who made a major contribution to our understanding of atmospheric turbulence and diffusion over more than four decades, was bom on 8 September 1914 in the village of Trimdon, County Durham. He was the only son of Joseph and Elizabeth Pasquill (nee Rudd), both of whom came from Atherton, near Manchester. Joseph Pasquill, one of a large family, left school at the age of twelve to supplement the family income by working in a local mine. Frank was the first member of the family to obtain a secondary education. After attending the local primary school in Trimdon village, Frank obtained an 11-plus place at the Henry Smith Secondary School in Hartlepool which emphasized discipline and hard work. From there he obtained an open scholarship in physics and the Pemberton Scholarship in Science to University College, Durham, in 1932. The university scholarships, together with a County scholarship and an endowed scholarship from Sherbum House, Durham, covered the tuition fees and living expenses so, for the first time in his life, Frank was free of financial worries. He graduated with First Class Honours in physics in 1935 and in consequence was awarded the Pemberton Research Fellowship tenable for two years in University College. This gave him a total of five very happy years in the Castle, where scientists were in the minority but well tolerated by the students of theology and the humanities.
In 1937 Frank married his childhood friend, the daughter of the headmaster of his Trimdon primary school, cementing a partnership that was to last for 57 years. Margaret Alice Turnbull came from a family of schoolteachers several of whom, besides her father and mother, taught in County Durham. Frank and Margaret had two daughters, one of whom graduated in physics from Durham and became a schoolteacher; the other is a talented graphic artist.
R ese a r c h c a r e e r
After two years as a research student at Durham, where he worked on the electrification of rain and snow, under the supervision of J. Alan Chalmers, Pasquill spent virtually the whole of his professional career as a research scientist in the Meteorological Office, retiring as a Deputy Chief Scientific Officer (Individual Merit). Being one of the very few Meteorological Office scientists who chose, and were allowed, to work in the same field for nearly 40 years, his researches have an unusual degree of continuity and coherence so that it seems best to describe and discuss them in chronological order, labelled only by the locations in which they were conducted.
The first Porton period, 1937-^43
Pasquill joined the Meteorological Office in April 1937 and was assigned to a research post at the Chemical Defence Establishment at Porton Down, and this set the pattern for the whole of his future career. In the small meteorological research group, he came under the influence of O.G. (later Sir Graham) Sutton, E.L.L. Davies, PA. Sheppard and K.L. Calder. At that time they were preoccupied with applying, without much success, Sutton's ^-theory to the rate of vertical diffusion of a plume in the boundary layer, roughly the lowest kilometre, of the atmosphere, and trying to incorporate the observational fact that the vertical wind profile was significantly affected by the roughness of the underlying surface. As the threat of war increased, greater priority was given to the diffusion, evaporation and persistence of chemical warfare agents such as mustard gas, and to the design and testing of smoke screens. Pasquill's main task was to measure the evaporation rates of liquids in a turbulent air stream, both in a wind tunnel and in the field, and to compare the results with the Sutton-Calder formula in which the main predictors were the saturation vapour pressure at the temperature of the liquid surface, the free airstream velocity, and the variation of wind with height in the boundary layer. His wind-tunnel measurements of the rate of evaporation of a free plane liquid surface and their interpretation in terms of the basic aerodynamics of the problem based on Sutton's theory of turbulent transfer were a significant advance and resulted in the publication of a major paper in the Proceedings o f the Royal Society, series A (1)*. However, his measured rates of evaporation for several liquids with widely different saturation vapour pressures, molecular masses and diffusivities were consistently lower, by about 10 per cent, than those calculated from Sutton's formula. Pasquill consequently modified this formula by replacing the saturation vapour pressure at the liquid surface by the difference between this and the vapour pressure in the air upstream of the evaporating surface and, more importantly, by defining the transport coefficient for vapour in terms of its diffusivity in air rather than in terms of the kinematic viscosity of the air, which appeared in Sutton's treatment by analogy and with momentum transfer. This modified theory was in excellent agreement with Pasquill's measurements and provided a means of calculating absolute rates of evaporation under specified conditions of temperature, free stream velocity and vertical velocity gradient. Pasquill went on to demonstrate that measurements of heat transfer from a flat plate by forced convection were also consistent with his theory if the transport coefficient was defined in terms of the thermal diffusivity of the air.
Numbers in this form refer to the bibliography at the end of the text. Australia, 1943-46 There is a gap in Pasquill's published work during this period, in which he was posted to Queensland to participate in trials of protective methods against highly toxic agents under tropical conditions. This work was, and remains, classified so no account can be given of it here.
War work in
School o f Agriculture, Cambridge, 1946-50 On his return from Australia, Pasquill was appointed head of a new unit that the Meteorological Office had established at Cambridge to do research on crop and weather relations in collaboration with the University School of Agriculture. In this congenial atmosphere, Pasquill did some of his best work on estimating evaporation rates from natural crops in terms of measured vertical profiles of wind, temperature and humidity, and made some direct measurements of evaporation.
His first step was to design and build a portable apparatus for studying temperature, humidity and wind profiles up to heights of 3 m above ground (2). This consisted of a vertical array of aspirated thermocouple psychrometers mounted on a light-weight mast that provided distant readings of wet-and dry-bulb temperatures at six unequally spaced levels. Vertical profiles of wind speed were obtained from small cup anemometers at these levels. R eliable operation of such apparently simple instrum entation under field conditions, before the advent of electronic and digital recording, was not an easy task. Pasquill's success was due largely to his careful design, construction and calibration, keeping errors to a minimum. This painstaking approach was characteristic of all his future experimental work.
This apparatus was used to good effect to measure the turbulent transport of water vapour and heat in the lowest layers of the atmosphere above level, unobstructed grassland and to study the diurnal evaporation from the surface (3, 4). This study, the most comprehensive of its kind hitherto, involved, besides the three vertical profiles, measurements of the incoming and reflected components of the solar radiation and the temperature profile in the soil down to 40 cm depth.
Computation of the vertical turbulent fluxes of heat and water vapour from their vertical gradients allowed the eddy diffusivities for both parameters to be estimated. From these data, Pasquill was able to demonstrate, for the first time, that, in the absence of thermal stratification of the lower atmosphere, when the wind speed and absolute humidity increased as the logarithm of the height, the eddy diffusivities for water vapour and momentum were numerically identical. The eddy diffusivity for heat, though nearly identical to that for water vapour when the air was stably stratified, was found to be substantially the greater when the air was thermally unstable and subject to convective motions. Pasquill also determined the rate of evaporation from the underlying surface from the vertical profiles and showed this to be more reliable and accurate than deriving it by evaluating the several terms in the heat balance equation for the surface. Contemporary applications of the latter method assumed the eddy diffusivities for heat and moisture to be identical, which is not the case in strongly unstable conditions, and leads to serious overestimates of evaporation rates when they are at their highest.
In a follow-up study (5), Pasquill compared rates of evaporation computed from the vertical temperature (T), humidity (q) and wind speed (w) profiles in near neutrally stable cond with direct weighing of water loss from simple soil evaporimeters. The mean values of evaporation rates derived from 19 one-hour recordings of profiles were in good agreement with the corresponding evaporimeter measurements with 13 of the individual comparisons agreeing to within 20 per cent and 17 to within 30 per cent. Much of this variability was attributed to deviations from neutral stability in the atmosphere and to the effects of inhomogeneities in surface roughness (e.g. grass cover and length) and in soil and root structure. Overall, Pasquill concluded that the aerodynamic profile method would be best suited to measuring evaporation from growing crops under various conditions of thermal stability in the atmospheric boundary layer. Determination of the eddy diffusivity for momentum, Km, from measurements of the vertical gradient of wind velocity, du/dz, rests on Prandt experiments on airflow over a flat plate, namely
where u is the horizontal wind velocity at height z above the surface, T0 the horizontal shear stress (drag) exerted on the surface, p the air density, k a dimensionless constant of approximately 0.4 and z0 a parameter related to the height of the roughness elements of the surface. Pasquill verified these formulae for a natural grassland surface in conditions of near neutral stability (6). The horizontal force exerted on the surface by the wind was measured by a floating pan containing a close-fitting sample of the grassland that was flush with the natural surface and, in effect, a part of it. The measurements were in good agreement with equation (1) for k = 0.37, and if the logarithmic term was replaced by In being a zero plane displacement that allows for the height of the surface roughness elements, in this case the height of the grass, K is then calculated from
The investigations described in this period, for which he was awarded a D.Sc. degree by the University of Durham and the L.G. Groves Prize by the Meteorological Office in 1950, provided the basis for much future work on the turbulent diffusion of gases and small particles in the lower atmosphere, which became the central theme of Pasquill's researches during the next phase of his career.
Harwell, 1950-54
Pasquill's next assignment was to the Atomic Energy Research Establishment at Harwell to collaborate with a group headed by N.G. Stewart in studying the dispersal of radioactive material from nuclear plants and the long-range global travel of radioactive debris from atom bomb tests. The details of this work are still classified and cannot be described here.
Return to P o r t o n , 1954-61
During this period, Pasquill undertook a series of field experiments to elucidate the structure of turbulence in the atmospheric boundary layer and its role in the horizontal and vertical transport of particulate matter over horizontal distances ranging from 100 m to 100 km.
In the lowest layers of the atmosphere but clear of the ground, when the turbulence is approximately steady and homogeneous, the vertical diffusion of particles released continuously from a fixed point source is specified by the following relation formulated by G.I. Taylor:
0 0 where z1 is the vertical displacement of particles from their mean vertical position after travelling a time T, ctf is the deviation from the mean of the vertical component of of the particles and R^is the correlation coefficient between the vertical velocity of t at one instant and that of the same particle a time £ later.
is known as the Lagrangian correlation coefficient. Similar relations to equation (2) hold for dispersion of the particles in the horizontal plane.
Because it is virtually impossible to measure R" Pasqu measurements of diffusion of particles in the atmosphere to obtain information on the properties of R? in comparison with the corresponding, measurable, Eulerian coefficient the correlation between the velocity of the air at a point at one instant and that at the same point at a time t' later. The simplest comparison would be to evaluate Pasquill and Hay (7) measured the vertical dispersion of airborne particles, lycopodium spores of diameter 30 pm and terminal velocity 2 cm s_1, released at a height of 150 m from a point source on the cable of a tethered balloon, and sampled these for periods of 30 min at a distance of 100, 200 and 500 m downwind by collectors held into the wind by small wind vanes spaced along the cable of a second captive balloon, the central collector being level with the dispenser on the emitter balloon. Simultaneously, measurements were made of the fluctuations in the windspeed and direction at the particle source by means of a specially designed balloon-borne gustiness recorder. The particles were caught on small sticky glass cylinders and easily identified and counted under the microscope to provide vertical profiles of particle concentration.
At all distances the frequency distributions of the vertical displacements of the particles relative to the level of release were found to be closely similar in shape (very nearly gaussian) to the frequency distributions of the vertical fluctuations in wind velocity at the source. This was interpreted as showing that, despite the uncorrelated effects of small eddies, high correlation was maintained in the motion of a particle, over periods of a minute or more and distances of up to 500 m, by the dominant action of persistent large-scale eddies that contributed much to the turbulent energy. This allows Zj to be computed from measurements of © since z^ = In contrast, the wind observations showed that the eulerian autocorrelation coefficient, between velocities measured at the same point at time t and t + A fell to about 0.2 when A t = 10 s. However, as the results did not provi indication of the decay of the Lagrangian correlation, it was not possible to derive a quantitative relation between the Lagrangian and Eulerian properties of the turbulence. Hay and Pasquill (8) made some progress in this direction by measuring the lateral dispersion of lycopodium spores dispensed from a point source 2 m above a short grass surface in different regimes of static stability. The particles were captured on a cross-wind array of small sticky cylinders placed in an arc of radius 100 m downwind of the source and 60 cm above the ground, while measurements were made of the fluctuations in wind speed and direction at the source. The distributions of particles in terms of the angular bearing from the source and their standard deviations, together with their mean travel times from the source, were computed for eight separate experiments.
The lateral spread of particles Y 1 after a travel time T from a continuous point source is given by
where V2 is the variance of the horizontal wind about the mean wind, FE(n) is a function of the 1 eulerian power spectrum that represents the fractional contribution to the turbulent energy 1 from frequencies between na nd n + dn, and /3 is the ratio of the lagran scales of the respective correlation coefficients. From measurements of F2, tT2 and T 2. Hay 1 and Pasquill were able to derive values of /3. These ranged from 1.1 to 8.5 with no obvious 1 relation to either wind speed or static stability. Since the variations in appeared to be largely 1 random, Pasquill chose an overall average value of = 4, which gave good agreement, under § conditions of stable and neutral stability; between the observed gaussian cross-wind spread of jj the particles and that computed on the assumption that the Lagrangian correlation takes four 1 times as long to decay to a given magnitude as the Eulerian coefficient and using only 1 measurements of wind at the source. According to Taylor's original treatment, the dispersion 1 of the particles is insensitive to the value of for short ranges of travel, and depends only on 1 f5'A at long range. To a good approximation, the standard deviation of the cross-wind I displacements of the particles, a , at a distance x the standard deviation of the wind direction averaged over moving time intervals x/U where 1 U is the mean wind speed. Pasquill (9) cites a limited number of field experiments according 1 to which the latter relation was valid for ranges of travel of up to 75 km on occasions when I the atmospheric boundary layer was well mixed through a depth of about 1 km.
A more systematic study of the diffusion of particles over large distances was made by 1 Pasquill when it seemed likely that the Meteorological Office would be requested to conduct ( some cloud-seeding experiments using silver iodide released from ground-based generators. § The diffusion experiments were conducted on Salisbury Plain starting in the early 1950s and 1 were reported on by Pasquill (11). They involved the release of fluorescent particles of I cadmium zinc sulphide from a fixed ground source, or from an aircraft flying across the 1 general wind direction to provide, in effect, an instantaneous line source. In the point-source 1 experiment, the particles were collected on an impactor carried across wind by an aircraft 1 flying at various levels and distances in sequence. Particles from the aircraft line source were 1 collected on impactors mounted at intervals along the cable of a tethered balloon.
The most important outcome of these experiments was the demonstration that, over long | m distances, the spread of the particle plume was strongly influenced by the vertical wind shear. This was especially marked on occasions when the vertical mixing of the air was slow, for example, in the presence of a temperature inversion. In strong wind shear the particles were carried over long horizontal distances before being transported to other levels when vertical mixing resumed. However, when the lower atmosphere was well mixed, the variations of wind speed and direction with height had a rather small effect. The bearing of the axis of the plume from a point source and its speed of travel were then usually within a few degrees and 2 m s '1, respectively, of the mean vector wind averaged over the depth of the sampled layer. The dispersion of particles was greatly complicated in the presence of strong convection, clouds and precipitation. The occurrence of low-level inversions ahead of warm fronts inhibited the vertical diffusion of cloud-seeding agents from ground-based generators, and was an important factor in deciding not to carry out such experiments in the UK.
Following the 1957 Windscale accident in which radionuclides escaped into the atmosphere, the U.K. Atomic Energy Authority approached the Meteorological Office for the latest ideas on making estimates of dispersion with use of easily obtained meteorological data. This request was passed to Pasquill, who by then was Head of the Meteorology Division at the Chemical Defence Experimental Establishment at Porton. Fortunately he had not only the short-range dispersion results obtained on the ranges at Porton but also recent results from the more extensive and ambitious field experiments in Nebraska, U.S.A., over very level terrain, called 'prairie grass'. These latter results extended those from Porton especially in the study of the effects of thermal stratification of the boundary layer. Measurements made at the National Reactor Testing Establishment, Idaho Falls, U.S.A., confirmed that the distance at which the maximum cross wind-integrated ground-level concentration occurred downwind of an elevated source could be reliably estimated from appropriately filtered measurements of vertical turbulence. Pasquill was also aware that surface roughness was likely to be an important factor in the light of Calder's theoretical work on the relation between vertical dispersion turbulence and surface drag. However the experimental data were insufficient to quantify this. While urging users to base their estimates of dispersion and concentration whenever possible on in situ measurements of vertical and horizontal turbulence, as outlined earlier, Pasquill provided a scheme (9) in which the experimental results were grouped subjectively in terms of the wind speed at a height of 10 m and a simple indication of either the heating of the ground in the day, by a broad categorization of the intensity of the insulation, or the cooling at night in terms of the cloud cover. In his scheme, knowledge of these simply derived parameters yielded a stability parameter ranging from A (very unstable) to F (very stable). Curves of pollutant-cloud depth and width as a function of downwind distance for each stability parameter were provided. Estimates were made for distances of up to 100 km although these were somewhat tentative beyond a few kilometres in near neutral conditions. Although the scheme was primarily directed at groundlevel releases, some guidance was offered for elevated sources. Ground-level downwind concentrations were to be modified by multiplying by a factor F, where
H being the source height and cr the previously obtained standard deviation of the vertical spread.
This scheme became widely used over the following 30 years largely due to its simplicity and made Pasquill a 'household name' among the growing fraternity of workers in the field. The scheme was copied and extended by others, and its use only started to decline when more sophisticated computer-based schemes with a greater understanding of boundary-layer structure started to emerge in the late 1980s.
Meteorological Office, Bracknell, 1961-74 In 1961 Pasquill joined the Micrometeorology Branch at the new headquarters of the Meteorological Office in Bracknell. During the next few years he felt rather isolated and was disappointed that Sir Graham Sutton, the Director-General, took very little interest in the progress of the subject since his own active days. However, compensation came in 1966 by further special merit promotion to Deputy Chief Scientific Officer and, in 1970, when he was appointed head of an expanded research branch in boundary-layer meteorology which included the balloon unit at Cardington.
In the early part of this period, Pasquill (12), by applying band-pass filtering to the output of high response anemometers and automated methods of data analysis, was able to devise three essentially different ways of estimating the eddy diffusivity K using properties of the energy spectrum (i) in the high frequency inertial subrange, (ii) over the whole range of frequencies, and (iii) in the low frequency end of the spectrum. The first method used the dimensional result that, within the inertial subrange, the energy was proportional to e^3 (where e is the rate of energy dissipation, which is proportional to K (du/dzf). The second method used the result that K = A ow2t ( A being an undetermined con associated with vertical turbulence). The third method, employing the low frequency end of the spectrum, used Pasquill's earlier result that vertical spread of a plume can be characterized by the statistics of appropriately time-averaged vertical velocity fluctuations in which the high frequency components are smoothed out. He concluded that, while the first method gave least spread in the individual estimates of K, the third method gave the best overall average estimate even though the method should not properly apply when K varies with height (as it does in the lower boundary layer). Nevertheless the method had the appeal that it required neither accurate knowledge of the wind shear nor any sensitive instrumentation.
Later, Pasquill noted (13) that the so-called Kolmogorov constant a in the spectral relation
S(K) = a
(K being the wave number and e the rate of energy dispersion) used in the first method was probably higher than had been supposed and a value close to 0.5 was suggested in the light of careful studies, by various workers, in the atmosphere and in water. In 1964, Pasquill and Butler (14) showed that previous estimates of the timescale of turbulence were significantly too small because the sampling durations of the vertical wind inclination were not large enough. They noted that the sampling duration must be at least 40 times the timescale for reliable estimation.
In the early 1960s a new description of dispersion had emerged, called 'Lagrangian similarity theory , in which dimensional analysis was applied to the mean spatial displacements of diffusing particles from a source. These displacements were a function of time of travel and not eulerian distance and therefore made verification difficult if not impossible. Pasquill (15) considered the effect of thermal stratification on the mean height z of particles diffusing from a near ground-level source. To his surprise he found that the predicted, response to stability was much less than observed although implicit was the assumption (partially supported by the theory) that the mean vertical displacement z after a time of travel t would correspond to the observed z at where x(t) is the mean downwind displacement at time t. Better agreement was found if the maximum height z of the cloud of particles was considered. He argued that this was reasonable since the relation between x and z, or between x and zmax, involved integration of the wind profile from the ground to either z or zmax the latter being preferable in that it contained all the material, not just part of it.
The Meteorological Office's field station at Cardington had by this time developed a successful balloon-borne capability of measuring turbulence to heights well above 1000 m. Pasquill (16) noted that the low frequency contributions to the fluctuations of vertical wind inclination (not speed) showed a lot of variation at any wind speed but the highest values (usually associated with unstable convective conditions) showed a marked fall-off in magnitude with increasing wind speed, implying that the convectively generated motions were largely independent of wind speed.
The effect of wind shear, particularly a turning of the wind direction with height, had long interested Pasquill. One of his staff members, F.B. Smith, had derived a theoretical analysis of the problem and in Pasquill (17) these predictions were tested against observations, made in stable conditions, of elevated smoke puff releases in Sweden and continuous tracer releases at ground level in the U.S.A. Both clearly indicated a bodily cross-wind distortion of the material beyond about 2 km from the source, although the effect of this on the width was not evident below about 5 km for the elevated puffs and about 12 km for the continuous ground-level releases. Thereafter the effects of shear dominated those of normal cross-wind turbulence, but the observations stopped before Smith's predictions could be satisfactorily confirmed.
By 1972 Pasquill's simple scheme, described earlier, for estimating vertical and cross-wind dispersion had been in wide use for over ten years. In a Meteorological Office internal report, Pasquill (with the aid of F.B. Smith) reviewed means by which the scheme could be improved. Pasquill and Smith emphasized again the preference to be given to relating dispersion to the statistics of wind fluctuations, especially in the cross-wind direction, even though this depended only weakly on the ratio (5 of Lagrangian to Eulerian timescales. They suggested making (3, hitherto a constant, dependent on the intensity of turbulence i (= d u )\ ~ 0.44/i. They also stressed the importance of sampling time -the longer the plume is sampled, the broader the time-averaged concentration distribution becomes -and this property can be readily accommodated in the scheme by appropriately increasing the period over which the wind fluctuations are sampled. They argued that no simple relation between the appropriate standard deviation of the fluctuations < j and sampling time T should be expected, especially if T is large enough to include non-stationary changes in the 'meteorology', i.e. changes reflecting the diurnal cycle from day to night or synoptic changes such as the passage of fronts, cloud changes, etc.
They also discussed current thoughts about the effects of source elevation, spatially varying surface roughness and atmospheric stability. They suggested a broad correspondence between the stability categories (A to F) and the Monin-Obukhov length scale L, which is defined in terms of the surface shearing stress T and the surface heat flux H so that L Xh/H. They described results of solving the diffusion equation in which the eddy diffusivity was expressed as where <7w is the standard deviation of the vertical fluctuations, e the rate of energy dissipation and Am is the equivalent wavelength of the peak of the corresponding energy spectrum. Data from the Cardington balloon-borne instruments were used to provide profiles of these parameters through the depth of the boundary layer. The resulting calculations of plume dispersion agreed quite well with those of earlier schemes but extended their utility out to distances of 100 km or more provided that the meteorological conditions remained quasi-stationary.
In 1974 Pasquill, by introducing the concept of convective velocity, defined in terms of the surface-sensible heat flux and the depth of the boundary layer, obtained the useful result that, in unstable conditions, the mean vertical spread of a plume z ?3/2, where t is the time of travel from the source (18).
C o n c l u s io n
In 1974 Pasquill retired after 37 years in the Meteorological Office. During the whole of this period he had chosen to work in the very difficult field of atmospheric turbulence, in which the structure and motions are far from homogenous and isotropic and strongly influenced by the vertical temperature and wind profiles and the roughness of the underlying surface. The subject is difficult conceptually and there is no comprehensive fundamental theory formulated in terms of key parameters that can be readily identified and measured. Like all research in this field, his work necessarily contained elements of empiricism and approximation, but his insight, intuition and skill in the design of field experiments led to very useful and useable predictions of the dispersal of pollutants on a wide range of spatial scales and in a wide variety of meteorological conditions. These have been of great practical value for several decades and are likely to remain so for decades to come.
One of Pasquill's major achievements was his book Atmospheric Diffusion which ran into three editions published in 1961, 1974 and 1984 (10, 19, 20) . Together they show how the subject developed over its formative years from a topic of limited interest occupying the attention of a mere handful of scientists to one of major importance (especially following the concerns over atmospheric pollution and acid rain) involving thousands of scientists worldwide. His three editions formed the bedrock on which many of these scientists were trained, though it was never intended as a training manual; indeed many found it invaluable but heavy-going! R e t ir e m e n t After retirement from the Meteorological Office, Pasquill remained active and productive for many years. His wisdom and knowledge were widely acclaimed and sought after. Besides writing, with EB. Smith, the third edition of his book, he made a series of visits to the USA, notably as Visiting Professor at Pennsylvania State University and North Carolina State University, where he much enjoyed lecturing and working with old friends like Hans; Panofsky, Kenneth Calder, Frank Gifford and Robert McCormick. He also continued to serve as Chairman of the Central Electricity Generating Board's Advisory Committee on Environmental Research, an appointment that he held for 18 years. P e r so n a l it y a n d in ter ests Frank Pasquill was quiet, modest, sceptical and determined in character, with a dry northern Humour, dedicated to his work and family, but able to relax by his skill as a craftsman and his enjoyment of music.
He was greatly attached to the Royal Meteorological Society which he served with diligence and distinction as Editor of the Quarterly Journal, as a Member of Council and as President during 1970-72, when he was much involved in the move of the Society from South Kensington and in the initial planning of its new headquarters in Bracknell.
In all his activities, he received the loyal and unselfish support of his wife Margaret, who nursed him through his long, final illness with great devotion so that he remained calm, cheerful and mentally active to within a few days of his death, which occurred just after his 80th birthday. He will be remembered with great respect and affection, especially by the younger scientists that he stimulated and encouraged, several of whom have achieved distinction in their own right.
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